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1
DEVICE AND METHOD FOR A DIAGNOSTIC
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention concerns a device and method for a diagnos-
tic apparatus.

2. Description of the Prior Art

A diagnostic apparatus (in particular an x-ray diagnostic
apparatus for mammography) with a compression unit is
described in EP 0 370 089 B1, for example. The x-ray diag-
nostic apparatus has a support arm that can be pivoted around
a horizontally traveling axle. A compression device for a
breast is arranged on the support arm. Furthermore, a frame
partis connected with the support arm. An x-ray source and an
x-ray receiver are arranged opposite one another on the frame
part. The frame part can be adjusted in straight lines in guides,
relative to the support arm and to the compression device. The
horizontally traveling axle is arranged relative to the com-
pression device so that this is essentially aligned with the
breast axis of a compressed breast. By the common pivoting
of the x-ray source, the x-ray receiver and the compression
device around the horizontally proceeding axle, this x-ray
diagnostic apparatus allows an examination method to be
executed in which x-ray exposures of a compressed breast are
acquired without the patient needing to vary her location. A
disadvantage of this known x-ray diagnostic apparatus is that
the breast must be repositioned and compressed for each
X-ray image in an acquisition cycle.

SUMMARY OF THE INVENTION

An object of the invention is to provide an improvement of
such a diagnostic apparatus.

In the device and the associated method in accordance with
the invention, an arm with a compression unit arranged
between an x-ray source and an x-ray receiver is fashioned on
a pivotable support arm, such that the compression unit with
a controllable connection unit is connected with the arm. The
controllable connection unit can compensate for rotation
movements of the arm.

The invention has the advantage that a number of 2D x-ray
exposures can be made with a single fixing of the breast.

The invention also has the advantage that the central beam
of the x-ray source is aligned orthogonally to the detector so
that a uniform exposure of the detector results for 2D projec-
tions from different angles, as occur in the acquisition images
in tomosynthesis.

The invention also has the advantage that a common move-
ment of the x-ray source and the x-ray receiver is enabled
along orbits around a common rotation point in cone beam
geometry.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an x-ray diagnostic appa-
ratus in accordance with the invention.

FIGS. 2 through 5 show different front views of the x-ray
diagnostic apparatus.

FIG. 6 is a side view of the x-ray diagnostic apparatus of
FIG. 1.

FIG. 7 is a perspective view of a compression unit with a
connection unit that are suitable for use in the x-ray diagnostic
apparatus of FIG. 1.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the device and the associated method in accordance with
the invention, a connection unit that can be attached to an arm
bearing an x-ray source and an x-ray receiver is fashioned
such that the connection unit compensates for a pivot move-
ment of the arm, so that the compression unit arranged at the
connection unit remains stationary during a pivot movement
of the arm.

Inthe present exemplary embodiment, the x-ray diagnostic
apparatus 1 for mammography examinations that is shown in
FIG. 1 has a stand 2 provided with a support arm 3. A hori-
zontally extending first rotation axle A is indicated in the
support arm 3. The rotation directions of the first axle A are
indicated with double arrow a. The mounting of the support
arm 3 in the stand 2 is vertically adjustable in a guide. The
vertical adjustment of the support arm 3 can take place manu-
ally, with motor assistance, or purely in a motorized manner
(these being known but not shown). An arm 6 provided with
an X-ray source 5 and an x-ray receiver 7 is arranged on the
support arm 3. The x-ray receiver 7 can be, for example, an
x-ray film, an x-ray image intensifier or a flat panel detector.
A compression unit 9 is arranged on the arm 6, between the
x-ray source 5 and the x-ray receiver 7. The compression unit
9 is connected with the arm 6 via a connection unit 20. The
connection unit 20 enables an independent alignment of the
compression unit 9 relative to the angle of the arm 6. The
connection unit 20 enables a separation of the compression
unit 9 from the arm 6.

In one embodiment, the connection unit 20 has anumber of
sub-elements 30, 40, 41, 50. As shown with FIG. 1, for
example, these sub-elements are a first sub-element 30, a
second sub-element 40, 41 and a third sub-element 50. The
first and third sub-elements 30, 50 can be arranged aligned
horizontally. A second rotation axle B runs through the third
connection element. This second rotation axle B lies parallel
to the first rotation axle A. The second sub-elements 40, 41 are
arranged between the first and third sub-elements 30, 50. The
second sub-elements 40, 41 are variably adjustable in terms
of its length. The length change can take place manually,
semi-manually or in a motorized manner. A height adjustment
of the compression unit 9 can be achieved with a length
change of the second sub-elements 40, 41. If a length adjust-
ment of the second sub-elements 40, 41 is not present, a
height adjustment of the compression unit 9 can be produced
by the detachable third connection element 50 at a rear wall
accommodating an upper and lower compression plate, or
upper and lower compression units 11, 12. A height adjust-
ment of the compression unit 9 can likewise take place by a
height-adjustment insert for the first sub-element 30 at the
arm 6.

The first and third sub-elements 30, 50 can each have a
motor-controllable coupling unit compensating for a rotation
of the first rotation axle, wherein these can be controlled
together or individually. The compression device 9 (which
has the upper and lower x-ray-transparent compression ele-
ments 11, 12) can be adjusted or used corresponding to the
examination requirements. The entire compression device 9
or individual compression plates 11, 12 can also be removed
according to the examination requirements.

The shape of the compression plates can be biplanar or
plano-convex. Likewise, for a 360° scan the upper and lower
compression plate can each have the shape of a half-cylinder
with a possibility to form a negative pressure, for example.

The x-ray-transparent compression elements 11, 12 that
can be detachably affixed to the front side of arear wall 10 can
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be displaced in height along at least one guide rail. If a
longitudinal adjustment of the second sub-elements 40, 41 is
not present, a height adjustment of the compression unit 9 can
also be produced by a detachable connection element
between a rear wall 10 accommodating the upper and lower
compression elements 11, 12. For this the detachable connec-
tion element is directed along a guide rail traveling vertically,
for example.

The compression unit 9 can be pivoted together with the
arm 6 around the first rotation axle A. A pivoting of the
compression unit 9 around the first rotation axle A is subse-
quently described in exemplary embodiments. The detach-
able connection unit 20 between the compression unit 9 and
the arm 6 enables an exchange of the compression unit 9 for
another compression unit 9 which is better suited to an exami-
nation case. In an exchange, either the connection unit 20 with
the compression unit 9, or just the compression unit 9, can be
exchanged. A faster exchange of the compression unit 9 is
made possible by means of a detachable connection to the arm
6 of the connection unit 20. A breast 60 compressed with the
compression unit 9 is schematically presented in FIG. 1. The
compression unit 9 and the connection unit 20 can be
arranged on the arm 6 such that the first rotation axle A of the
support arm 3 aligns with the breast axis of a breast 60.

In the exemplary embodiment, both the arm 6 provided
with the x-ray source 5, and the mount 8 connected with the
x-ray receiver 7, can be pivoted around the first rotation axle
A of the support arm 3. The arm 6 is accordingly pivotable
around the support arm 3, and around the first rotation axle A
relative to the mount 8 and the compression unit 9. In the
exemplary embodiment, the pivot movements of the arm 6
and the mount 8 take place in a motorized manner. Electric
motors are provided for this at the x-ray diagnostic apparatus.
The activation of the motors takes place via a control device
(associated with a computer) based on inputs made at a con-
trol panel (not shown). In addition, in the exemplary embodi-
ment the x-ray source 5 is adjustable along the arm 5 corre-
sponding to the drawn double arrow d, and the x-ray receiver
7 is adjustable along the mount 8 (see double arrow e) in the
direction ofthe support arm 3. The x-ray receiver 7 can also be
arranged so as to be movable directly at the arm 6. For
example, the adjustment takes place in a straight line in guide
rails that are not explicitly shown in the figures. The adjust-
ment takes place in a motorized manner, controlled by a
control device (not shown). The electric motors required for
this are not explicitly shown in the figures. The adjustment
can also take place manually in connection with an arrestable
latching unit. With the movement directions d, e, f, g, h, i and
j of sub-components that are shown in FI1G. 1, optimal adjust-
ments can be made for a patient and for the x-ray exposures.

Front views of different use forms of an x-ray diagnostic
apparatus for various acquisition possibilities are illustrated
in FIGS. 2 through 5.

According to a variant of the invention, via the connection
unit 20 the compression unit 9 can be coupled with the arm 6
(which has an x-ray source 5 and an x-ray receiver 7) such that
this can be rotated together with said arm 6. The position of
the compression elements 11, 12 of the compression unit 9
remains static. In this way it is ensured that x-ray source and
x-ray detector move around the compressed breast while 2D
projections of a compressed breast 60 are acquired and, at the
same time or with time offset, the digitally present x-ray
image data are calculated into volume data. For example, the
respective active connections between the connection unit 20
and the compression unit 9 can be a mechanical coupling or
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an electronically controlled alignment of the first, second
and/or third sub-elements 50, 40, 41, 30 of the connection unit
20.

In FIG. 2, an operating mode is presented in which the
upper and lower compression elements 11, 12 of the com-
pression unit 9 and the x-ray receiver 7 are kept stationary, and
only the arm 6 provided with the x-ray source 5 is pivoted by
means of an electric motor around the horizontally traveling
firstrotation axle A. The connection unit 20 arranged between
the arm 6 and the compression unit 9 counteracts the move-
ment of the arm 6 or, respectively, the rotation of the first
rotation axle A, for example with the third sub-element 50.
The pivoting of the arm 6 (provided with the x-ray source 5)
relative to the x-ray receiver 7 and the compression unit 9 is,
for example, useful for a stereotactic biopsy since—in this
case given a stationary examination subject (namely the
breast 60 that is not shown in FIG. 2)—spatial information of
tissue of interest can be acquired from x-ray exposures of the
breast from different angles in order to implement an extrac-
tion of the tissue. The presentation of the acquired x-ray
exposures on a viewing device (not shown) and the determi-
nation of the spatial information are determined with the use
of'a computer associated with the x-ray diagnostic apparatus.
Possible different shapes (as already stated above) of the
upper and/or lower compression plates 11,12 are additionally
shown in FIG. 2.

An additional operating mode of the x-ray diagnostic appa-
ratus is shown in FIG. 3, in which the arm 6 provided with the
x-ray source 5 and the mount 8 provided with the x-ray
receiver 7 are moved together around the first rotation axle A,
and the upper and lower compression plate 11, 12 remain
stationary. For the compression unit 9 to remain stationary,
this is moved synchronously around the second rotation axle
B, counter to the rotation direction of the first axle A. The first
and second rotation axles A, B rest on one another. For
example, the third sub-element 50 of the connection element
20 implements a counter-rotation movement synchronously
with the pivot movement of the arm 6, such that the upper and
lower compression elements 11, 12 remain stationary while
the x-ray source 5 travels along an circular arc segment or
circular arc. The alignment of the x-ray source 5 with the
x-ray receiver 7 is retained in such a manner that a central
beam emanating from the x-ray source 5 strikes orthogonally
on the receiver surface of the x-ray receiver 7. In the exem-
plary embodiment, the compression unit 9 remains stationary
at its starting location. The operating mode of the x-ray diag-
nostic apparatus that is shown in FIG. 3 is suitable for tomo-
synthesis. In this operating mode, the x-ray source 5 and the
x-ray receiver 7 move around the subject 60 arranged station-
ary in space, wherein 2D projections of the subject 60 are
acquired from different directions in order to reconstruct a
volume data set as well as slice images from these with the use
of'a computer (not depicted here). In this embodiment shown
for tomosynthesis, the coupled movement of x-ray source 5
and x-ray receiver 7 results in a larger field of view than given
a stationary x-ray receiver 7.

Additional operating modes of the compression device 9
are illustrated in FIGS. 4 and 5, in connection with the x-ray
diagnostic apparatus. In these operating modes, only the sup-
port arm 3 is pivoted around the horizontally traveling first
rotation axis A with the aid of the electric motor, while the
alignment of the x-ray source 5, the x-ray receiver 7 and the
compression unit 9 relative to one another is thereby main-
tained. This operating mode is suitable for medio-lateral
oblique and lateral x-ray acquisitions of the breast com-
pressed with the compression device 9.
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In a further embodiment of the connection unit 20 in con-
nection with a compression unit 9, a side view of the arm 6 is
shown with FIG. 6. The first and second rotation axles A and
B are indicated with the respectively indicated possible rota-
tion directions a, b. The connection unit 20 shown here can be
formed from the first sub-element 30 and the third sub-ele-
ment 50. The first sub-element 30 is connected at a first end
with the arm 6 and at a second end with the third sub-element
50. In this embodiment, the third sub-element 50 is fashioned
with a motorized controllable coupling (for example a fric-
tion clutch). The third sub-element 50 is connected at a first
with the second end of the first sub-element 30. The second
end of the third sub-element 50 is connected with the back
side of the rear wall 10 guiding the upper and lower compres-
sion plates 11, 12. The third connection element 50 can be
designed such that this is engaged in an active connection
with a guide rail arranged at the back side of the rear wall. In
addition to a separation capability of the compression unit 9
from the connection element 20, this brings with it the advan-
tage that the height of the compression unit 9 is variably
adjustable relative to the patient.

The exemplary embodiments described in the preceding
are to be understood as examples. For example, the pivot
movements of the support arm 3, the adjustments at the arm 6
and the control of the mount 8 are not necessarily positioned
or, respectively, moved by a motor, but rather can be posi-
tioned or, respectively, moved manually or assisted by a
motorized drive. The motor for the mount 8 can also be
omitted entirely if (for example) a mechanical coupling is
present between the arm 6 and the mount 8 in order to rotate
the arm 6 and the mount 8 together around the first rotation
axle A.

The compression unit 9 is depicted with the connection
unit 20 in FIG. 7. In this embodiment, the compression unit 9
is formed from an upper and lower compression plates 11, 12
and from a rear wall 10 accommodating the two plates. The
upper and lower compression plates 11, 12 are fashioned such
that these are positionable independently of one another
along at least one guide groove. The upper and lower com-
pression plates 11, 12 can be removed from the guide groove.
The lower compression plate 12 is rounded on its underside.
The upper and/or lower compression plate 11, 12 can also be
fashioned in the shape of a semi-arc. In a further variant, the
upper and lower compensation plates 11, 12 can each be
curved in the shape of a semicircle. The compression unit 9
can also be formed as a cylinder, wherein the possibility exists
to generate a negative pressure in the cylinder. As indicated
above, the upper and lower compression plates 11, 12 are
connected via the rear wall 10. The rear wall is connected with
the connection unit 20 so as to be detachable. The detachable
or arrestable connection elements between the rear wall 10
and parts of the connection unit 20 can likewise be partially
directed in a guide unit. With the detachable or arrestable
connection elements, the compression unit 9 can be shifted
upward relative to a patient standing in front of said compres-
sion unit 9. A counter-rotation can take place synchronously
with the rotation of the support arm 6, controlled by a com-
pression unit (not explicitly shown). In a further embodiment,
tilt sensors can be arranged in the connection unit 20. An
adjustment of the compression elements of the compression
unit that are to be kept horizontal can take place from the
control signals emitted by the tilt sensors integrated into the
compression elements, for example. For example, if a number
of 2D x-ray acquisitions should be applied for a tomosynthe-
sis in a medio-lateral oblique and lateral positioning of the
fixed breast, the inclination of the compression plates 11, 12
can be adjusted by specifying an angle of inclination.
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In an embodiment of the invention, the diagnostic appara-
tus has a control device to control the pivot movements of the
support arm 3, the arm 6, the mount 8 and the connection unit
20. The diagnostic apparatus to control the common pivoting
of'the arm 6 and the mount 8 relative to the compression unit
9 has an image computer for the image reconstruction given
tomosynthesis.

In variants of the invention, the x-ray source 5 at the arm 6
can be adjustably arranged along the arm 6 and/or the x-ray
receiver 7 at the mount 8 can be adjustably arranged along the
mount 8, relative to the compression unit 9. In this way, the
possibility exists to implement enlarged x-ray acquisitions of
a compressed breast.

Although modifications and changes may be suggested by
those skilled in the art, it is the intention of the inventor to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of his contribution to the art.

We claim as our invention:

1. A mammography apparatus comprising:

an examination unit comprising a mounting arm connected
to a rotatable support arm that rotates said mounting
arm, and thereby rotates said examination unit;

said examination unit comprising an x-ray source mounted
to said mounting arm that emits x-rays, a compression
unit configured to compress and hold a breast in a path of
said x-rays, and an x-ray detector mounted to said
mounting arm to detect x-rays attenuated by the breast in
the compression unit;

a connection unit that connects said compression unit to
said mounting arm, said connection unit being config-
ured to rotate said compression unit independently of an
angle to which said mounting arm is rotated by said
support arm; and

said support arm having a rotational axis around which
support arm rotates in order to rotate said examination
unit via said mounting arm, and wherein said connection
unit comprises an axle connected to said mounting arm
that independently rotates said compression unit, said
axle having a rotational axis that is parallel to and does
not coincide with the rotational axis of said support arm.

2. A mammography apparatus as claimed in claim 1
wherein said connection unit is configured to execute a rota-
tion movement that compensates for a rotation movement
imparted to said examination unit, via said mounting arm, by
said support arm.

3. A mammography apparatus as claimed in claim 1
wherein said connection unit is detachable from said mount-
ing arm.

4. A mammography apparatus as claimed in claim 1
wherein said connection unit is detachable from said com-
pression unit.

5. A mammography apparatus as claimed in claim 1
wherein said connection unit is detachable from said mount-
ing arm and from said compression unit.

6. A mammography apparatus as claimed in claim 1
wherein said connection unit comprises a sub-element
thereof that connects said compression unit with said mount-
ing arm.

7. A mammography apparatus as claimed in claim 1
wherein said sub-element comprises a detachable coupling.

8. A mammography apparatus as claimed in claim 1 com-
prising an electronically controllable servomotor that oper-
ates said connection unit to produce said independent align-
ment of said connection unit with respect to the rotation angle
of said examination unit.
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9. A mammography apparatus as claimed in claim 1
wherein said connection unit comprises a sub-element con-
nected to said compression unit that allows height adjustment
of said compression unit.

10. A mammography apparatus as claimed in claim 1 5
wherein said compression unit comprises an upper compres-
sion element and a lower compression element and wherein at
least one of said upper compression element and said lower
compression element is adjustable in height.

11. A mammography method comprising: 10

placing a female breast in a compression unit and com-

pressing and holding the breast in said compression unit;
irradiating the breast with x-rays from an x-ray source
mounted to a mounting arm, to which an x-ray detector
is also mounted, and detecting x-rays attenuated by the 15
compressed breast in the compression unit with said
x-ray detector while rotating said mounting arm around
a first rotational axis;
connecting said compression unit to said mounting arm via
a connection unit that has an axle that rotates the com- 20
pression unit relative to the mounting arm around a
second rotational axis that is parallel to and does not
coincide with said first rotational axis; and

rotating the compression unit around said second rotational

axis independently of an angle to which the mounting 25
arm is rotated around said first rotational axis.

12. A mammography method as claimed in claim 11 com-
prising, with said connection unit, executing a rotation move-
ment that compensates for a rotation movement imparted to
said mounting arm. 30



